The rise of non-communicable diseases has placed enormous stress on health systems leading to calls for improved prevention. This article examines the association of risk factors and non-communicable disease diagnosis in China using longitudinal data which enables us to control for important simultaneity bias. Using three waves of the China Family Panel Studies (CFPS) survey (2010)(2011)(2012)(2013)(2014)) and a dynamic model conditional on not having an NCD in the first period, we find positive association of being obese, using solid cooking fuels, history of frequent drinking, and household consumption expenditure during the preceding period on non-communicable disease onset. We find significant heterogeneity in risks across the population suggesting that a targeted policy response is required to reduce the burden of noncommunicable disease in China. Source: China Family Panel Studies 2010-2012. Notes: Provincial dummy variables are not displayed. Robust standard errors clustered at the household level are in parenthesis. Estimates are appropriately weighted to reflect the complex survey design.
Introduction
Non-communicable diseases (NCDs) currently account for close to three-quarters of total deaths worldwide, or approximately 40 million deaths annually (GBD 2016 Causes of Death Collaborators, 2017 . Of these deaths, the vast majority stem from low-and middle-income countries (LMICs) where the death rate associated with NCDs is increasing at the fastest rate (Checkley et al., 2014; GBD 2016 Causes of Death Collaborators, 2017 . This particularly concerns the emerging economies where accelerated economic and epidemiological transitions have sped the shift in the disease burden from communicable to noncommunicable disease. Worldwide, the magnitude of the NCD disease burden is rising faster than improvements in prevention and treatment, which suggests that public health policies and interventions have not done enough to curb the global burden of disease attributable to NCDs (Behrman, Behrman, & Perez, 2009 ; Institute for Health Metrics and Evaluation, 2016b). One explanation, for which this article contributes, relates to the evidence on the risk factors associated with NCD onset (Behrman, Behrman, & Perez, 2009 ). Improved understanding on the factors associated with NCD onset can help to ensure that risks are delayed to the oldest possible age and are not preceded by long and costly periods of morbidity. This is of particular import to LMICs where public resources allocated to health and social health protections are most limited.
In this paper we estimate associations of a comprehensive set of risk factors and NCD onset in China -the world's largest transitional economy and population. The paper contributes to the building literature on the risk factors associated with NCDs in LMICs (e.g. Aryal et al., 2015; Miranda, Kinra, Casas, Davey Smith, & Ebrahim, 2008; Wu et al., 2015) . The vast majority of these studies rely upon cross-sectional data which does not address the dynamic nature of health behaviours (Kerkhofs & Lindeboom, 1997) . It is probable that people diagnosed with NCDs in one period change their risky behaviours in the current or future period. In the case of two-way feedback between risk factors and the probability of having an NCD estimations will be biased. Cross-sectional studies cannot address reverse causality which represents an important source of endogeneity in the literature on risk factors and health. The literature that does address this form of unobserved heterogeneity is contained mostly to industrialised country settings and adopts a range of health measures (not exclusively NCDs) (Bell & Britton, 2014; Bell, Orford, & Britton, 2015) .
Using three waves of the China Family Panel Studies (CFPS) survey (2010) (2011) (2012) (2013) (2014) ) and a dynamic model conditional on not having an NCD in the first period, we examine the association of risk factors on the diagnosis of NCDs for the Chinese population. We find positive associations of being obese, using solid fuels to cook, having a history of frequent alcohol consumption, and household consumption expenditures during the preceding period on the current onset of NCD. We find significant heterogeneity across the population. Being obese, using solid cooking fuels and higher household consumption expenditures are associated with the onset of NCDs for people under age 60 while history of frequent drinking is associated with NCD onset for the elderly. The effect of obesity is contained to the nonpoor and past drinking is contained to males.
The dramatic demographic and economic change experienced in China over the past four decades is well documented (Banister, Bloom, & Rosenberg, 2012; Golley & Wei, 2015) .
Life expectancy at birth in China has risen from 44 in the 1960's to 76 in 2015 (World Bank, 2017) . The elderly population is expected to increase from under 10% of the total population in 2000 to 30% in 2050 (Kinsella & He, 2009) . The county has experienced high yet unequal levels of economic growth which have led to changes in living and nutrition standards including a change in diet towards fatty foods and rise in adult body mass index (Du, Lu, Zhai, & Popkin, 2002) . These changes have coincided with a pronounced shift in the burden of disease with NCDs currently comprising close to 90% of total deaths in China (Institute for Health Metrics and Evaluation, 2017) . The three main killers are cardiovascular diseases (CVDs), cancer and chronic respiratory diseases; accounting for 79% of total deaths (Institute for Health Metrics and Evaluation, 2017; National Health and Family Planning Commission, 2015) . 1 The epidemiological transition has placed enormous stress on a health system which traditionally has focused on infectious, as opposed to chronic, disease (World Bank, 2016 (Li, Wang, Jiang, Zhang, & Wang, 2013; Tang, Jian, & Guo, 2014; Yang & Gao, 2014) .
However, inconsistencies appear in these findings with one study reporting higher subjective social status and higher education as positively associated with chronic diseases (Tang & Jian, 2013) . These studies all draw upon cross-sectional data. The exception is the study by Lei, Yin, and Zhao (2012) who use longitudinal data to estimate the risk factors associated with hypertension. In contrast to cross-sectional findings, they find no wealth or education gradient in disease prevalence. However, as pointed out by the authors, their models cannot rule out reverse causality and other endogeneity bias.
Our paper makes several noteworthy contributions to the literature. First, we apply a dynamic model which investigates the lagged effect of risk factors on the diagnosis of NCDs conditional on not having an NCD in the initial period. By restricting the sample to people without an NCD in the initial period and looking at how the variation in lagged determinants is associated with the variation in NCD diagnosis, we mitigate possible bias associated with reverse causation from disease onset to changes on risk behaviours. Second, unlike most other papers that examine a collection of disease and health states we focus specifically upon NCDs. 2 We provide estimates of a rich set of risk factors, including demographic, socioeconomic, lifestyle and environmental factors, whereas most previous studies in China are limited either to demographic and behavioural risk factors or to demographic and socioeconomic factors. Third, to the extent that health status changes with age it is possible that the effect of risk behaviours on health also vary over the life cycle (Jaacks, Gordon-Larsen, Mayer-Davis, Adair, & Popkin, 2013; Kerkhofs & Lindeboom, 1997) . We investigate differential effects of risk factors on NCDs across age groups as well as across selected subpopulations to provide a comprehensive analysis of NCDs risk factors across the Chinese population. Due to the sheer size of the population at risk, improved estimations on the risk factors associated with NCDs in China provides health authorities with the opportunity to predict the future growth of NCDs in China and potentially slow the growing burden of NCDs, not only in China but worldwide.
The paper is structured as follows. Section 2 describes the data and the measures. Section 3 presents the empirical strategy. Results are presented in Section 4, and Section 5 provides a discussion of results. Section 6 concludes.
Data, study sample, and description of key variables
The CFPS survey is a nationally representative biennial longitudinal survey designed and conducted by the Institute of Social Science Survey (ISSS) of Peking University. The survey is drawn from 25 provinces, which cover 95% of the national population, and follows a threestage cluster probability sampling design (Xie et al., 2017) . So far, the CFPS has been collected over four waves, including a baseline survey in 2010 and three follow-up surveys in 2012, 2014 and 2016. We use the first three waves of the data which are currently available.
We use the nationally representative sample for our study which forms a panel of 14,861 individuals over the three waves. 3 We restrict our sample to persons who are without an NCD in the baseline and remain as respondents in all three waves, which comprises a sample of 13,022 individuals. We use information from wave 2 and wave 3 to construct the outcome variables and information from wave 1 and wave 2 to construct the lagged independent variables.
The CFPS contains a rich collection of information collected at individual, household and community levels. 4 Of particular import to this study is information on disease types, which we use to identify NCDs. Specifically, we identify NCD-affected individuals based on the question set: "During the past six months, have you had any doctor-diagnosed chronic 3 The survey collected two samples including a sample of oversampled five "large" provinces and twenty other "small" provinces, and a second resampled national sample which includes a second-stage sampling of the five "large provinces" and the twenty "small" provinces (Xie et al., 2017) . Our sample is the latter, which is representative of the national population. We tested our results against the oversampled sample and the results were qualitatively very similar (results are available upon request). 4 The survey contains three modules: an individual-and household-level survey collect demographic, socioeconomic and health-related information, while the community-level survey collects information on infrastructure, demographic profiles, social services and economic conditions. disease"; and, the doctor's diagnosis of the disease. Each respondent who answered "Yes" to the first question was asked to select the type of disease from the Disease Codebook, and the two most serious diseases were recorded if there was more than one. We adopt the definition of NCDs determined by the National Health and Family Planning Commission, which follows the classification of "Group II Diseases" as per the ICD-10 code (World Health Organization, 2016) . 5 Individuals living with NCDs (coded as 1) are defined as persons having either of their two diagnosed diseases as classified within the "Group II Diseases." Respondents who answered "No" to chronic diseases, or for whom neither of the two diagnosed chronic diseases was classified as an NCD, are defined as not living with NCDs (coded as 0). In our restricted sample of individuals who did not report an NCD in the first period, 9.3% report an NCD in 2012, and 14.1% report NCD onset in 2014.
The CFPS collects information on several behavioural risk factors commonly identified in the literature as associated with NCDs, such as smoking status, obesity, and environmental factors. Environmental factors include type of household cooking fuels and level of pollution in the local community. Households that use firewood, straw or coal for cooking are classified as using solid fuels (Zhang & Smith, 2007 ). An indicator for ambient pollution is derived from the question: "Is there any highly polluting enterprise, such as a chemical plant, a metallurgical refinery or a papermill within a 5-kilometer radius centred at your village/residential committee office." Obesity is derived from self-reported height and weight and is classified according to the calculated body mass index (BMI). Following the recommendation of the Working Group on Obesity in China (Chen, Lu, & Department of Disease Control Ministry of Health, 2004) , an individual with a BMI >= 28 is classified as obese; and an individual with a BMI < 18.5 is classified as underweight. Information collected on smoking status includes two binary-indicator questions about whether respondents currently smoke or have smoked in the past. Drinking status includes whether the volume of pure alcohol consumed by the respondent exceeds the national criteria of heavy drinking behaviour, 6 and whether the respondent used to drink frequently (at least three times per week) in the past.
In addition to NCD and behavioural risk factors, the CFPS provides information on other health measures and access to health services. Past health may have an impact on current health and other covariates, which can be controlled by the inclusion of a lagged health variable in the regression (Bockerman & Ilmakunnas, 2009 ). We include a lagged measure of self-rated health (SRH) in our model as an indicator for the individual's health status in the preceding period. 7 We rescale the SRH variable into three categories of healthy, fair and unhealthy. 8 An indicator for having access to health service is derived from the question:
"How long does it take from your house to the nearest health facility by the fastest means of transportation? (in minutes)." We consider within 15 minutes as having (physical) access to health service which is a target of the Chinese government to achieve by 2030 (Xinhuanet, 2016) .
The CFPS includes a rich collection of demographic and socio-economic factors. Notably, the survey collects information on household consumption expenditure and income. We elect to use total household consumption expenditure rather than income as it is commonly deemed 6 The binary variable of heavy drinking behaviour derives from the questions: "Have you often drunk alcohol (at least 3 times a week) in the past one month"; if yes, "What types of alcohol have you drunk, strong spirits, wine or beer" and the level of consumption for each type of alcohol. The amount of pure alcohol consumed was calculated according to proportions of 4% for beer, 52% for strong spirits and 10% for wine (Li et al., 2011) . Heavy drinking was defined as whether the daily quantity of pure alcohol consumed exceeded 61 g for a male and 41 g for a female as per national guidelines (National Health and Family Planning Commission, 2015) . 7 SRH is commonly used as a general health measure in household surveys and has been consistently found to be a strong predictor of morbidity and physical functioning (Xu & Xie, 2016) . We are aware of the potential reporting heterogeneity bias of SRH and methods to adjust for the bias such as anchoring vignettes. However, the lack of anchoring vignette data in the 2010 baseline and inconsistent measures of SRH between the baseline and the 2012 follow-up survey prevents us from using such techniques to adjust in both years. 8 The original scale included five categories but there was inconsistency across the waves. The scale in 2010 was "1. Healthy; 2. Fair; 3. Relatively unhealthy; 4. Unhealthy; and 5. Very unhealthy" and in 2012 was "1. Excellent; 2. Very good; 3. Good; 4. Fair; 5. Poor." a better measure of permanent income in the context of China and particularly in the rural context (Deaton, 1997) . Consistent with other studies, we also include explanatory variables for the years of schooling as well as age, gender, ethnicity, and geographic residency as standard demographic variables.
Classification of urban residency in this study is based on the Hukou registration system. The
Hukou registration system in China divides the population into agricultural (rural) and nonagricultural (urban) sectors, which influences access to a range of resources, services and opportunities, such as jobs, education, housing, and health care. We include a set of province dummies to control for variation in disease profiles and other differences across the 25 provinces. Definitions of the dependent and independent variables are provided in Appendix Table 1 . Table 1 displays weighted means and robust standard errors for the lagged variables used in the regressions. The mean age of our sample is 48 years in 2010 which increases to 50 years in 2012. There is a slightly higher proportion of females (54%) relative to males and the vast majority of respondents are of Han ethnicity, married, and with rural Hukou registration. The mean year of schooling of the sample is approximately 6 years. Obesity prevalence increases slightly from 6% to 7% and the prevalence of being underweight remains at 10%. The proportion of the sample using solid cooking fuels falls from 47% to 36%. Smoking prevalence remains high at 29-28% and an additional 6-9% of the sample has smoked at some time in the past. The prevalence of heavy drinking behaviour decreases from 6% in 2010 to 4% in 2012 and higher proportion of people no longer drink frequently (10% versus 4%). The proportion of the sample exposed to ambient pollution falls from 27% to 22% over the two waves.
[ Table 1 ]
Empirical strategy
In order to investigate associations between risk factors and NCD diagnosis, for those alive and NCD free in China, we apply a dynamic pooled linear probability model for the sample reporting no NCD in the baseline period according to the following specification:
where N is a binary indicator of NCD status for individual i in year t; X denotes a set of individual characteristics including demographic, socioeconomic and risk factors associated with NCDs. These variables are lagged by one period, t-1. In addition, we include a set of year and provincial fixed effects, γ t and γ p , respectively; and ε it is an individual error term. The model estimated coefficients, β, represent the partial effects of risk factors on NCD diagnosis for the at-risk population. Robust standard errors are computed and adjusted for clustering at the household level.
There exist several challenges in the consistent estimation of β. First, there may be two-way effects between onset of NCDs and risk factors. For example, people diagnosed with NCD in the one period may change behaviour (smoking, drinking) in that or future periods. Our strategy is to apply a dynamic model of health where NCD onset is a function of lagged risk factors. The lagged model presents coefficients as average effects of change in NCD status but we are primarily interested in the development of new NCD cases (i.e. from no NCD to being diagnosed with an NCD). This requires us to restrict our sample to those who are free of NCDs in the initial period. As such we do not consider those who already have an NCD.
The traditional approach to address sample selection issues is to introduce a sample selection correction which, in effect, derives theoretical population estimates for the group who already have an NCD and those that do not. The factors which trigger disease among persons who already have an NCD (pretending that they did not) is arguably of less practical importance or relevance than those associated with being diagnosed with an NCD conditional on not having an NCD to start with. There remains the problem that some covariates may have already caused an individual to develop an NCD by the time we first observe them which cannot be addressed by the traditional selection correction. 9 We address this issue relating to the lifetime influence of the covariate on NCD status through the disaggregation of impacts by age subgroups, particularly the younger sample which has much less initial-year prevalence. This further allows us to better understand the lifetime impacts of the factors on NCD onset as their roles at different ages in the life-cycle may be different.
Second, there is potential measurement error in the self-reported NCDs variable. Though our measure of NCD is more objective, as determined by doctor diagnosis, it remains open to potential bias relating to factors such as those associated with education level and access to health service (Strauss & Thomas, 2008) . To reduce this potential bias, we include a rich set of controls including years of schooling, and a binary variable indicating whether the individual resides within a household within 15 minutes of the nearest health facility.
However, there may remain unobserved factors which influence both the measurement of NCDs and risk factors of interest. One potential such factor is the scale-up of the National Public Health Service Program after 2012 which offered free blood pressure and glucose check-ups for the high-risk population (State Council, 2012) . This program likely explains the jump in reported cardiovascular disease (and overall NCD prevalence) in the 2014 wave of the data. If this is the case and that unobserved characteristics which determined program participation are related to our set of risk factors then the estimates may be biased. Whilst we cannot rule out measurement bias, estimates for the 2012 period before the scale-up of the program are qualitatively very similar to the main results for the pooled 2012-2014 sample presented in the following section which suggests that unobserved factors related to the jump in reported NCD prevalence are not driving our results. These estimates are presented in Appendix Table 2 (column 2). We also present estimates using contemporaneous controls (column 1) for the 2012 outcome and observe several changes in the lagged specification (column 2) which suggests the presence of feedback effects. Notably, the negative impact of heavy drinking on NCD onset becomes insignificant and the magnitude and significance level of the positive impact of past frequent drinking effects become greater in the lagged specification.
Third, the presence of unobserved determinants of both NCDs and risk factors of interest can bias our estimation. The availability of panel data can normally help attenuate the effects of unobserved heterogeneity at the individual level by applying a fixed-effects specification.
However, given the persistence of most NCDs (individual's simply manage their NCDs after onset rather than becoming NCD free again) a fixed effects specification adds little in this context. In addition, a fixed-effects model cannot identify the impact of important factors that lack of variation over time, such as gender and education. Given our short four-year panel we elect the dynamic pooled OLS model as our preferred specification and acknowledge that our results remain subject to bias in terms of being casual estimates. 10 So while we cannot infer causality from these estimates our panel data and use of lagged risk factors does help reduce the endogeneity associated with reverse causation which represents a first in the literature on the determinants of NCDs in LMICs.
Results
Table 2 presents results from the pooled OLS specifications for the full sample and by age groups. For the full sample (column 1), conditional on not having an NCD to start with, there 10 We also ran random effects specifications and the results were qualitatively very similar. Our results are also robust to the inclusion of community fixed effects. These results are available from the authors upon request.
is a significant positive association between obesity and NCD onset. People who are obese in the preceding period experience a 4% higher probability of reporting an NCD in the following period. We also find a strong positive effect of frequent drinking history on NCD onset of 3.4%. The use of solid cooking fuels increases the probability of reporting an NCD by 1.1% (significant at the ten percent level). Other factors positively associated with NCDs include age, poor or unhealthy self-rated health, education level, household consumption expenditures, being female, and living in an urban location. The coefficient on the agesquared term is positive and highly significant indicating that the likelihood of NCD onset increases at a higher rate with age. We find a mildly significant negative effect of being underweight and no significant associations for smoking and current drinking status, living within 5 km of a polluting enterprise within 15 minutes from a health facility.
Table 2 also presents the effects of risk factors by age group. The obesity effect is highest among the middle age group of 45-60 years at 6.6% followed by the age group less than 45 years at 3.7% with no significant association among the elderly age group above 60 years of age. Conversely, the effects of past heavy drinking are highest among the elderly at 7.7% followed by 2.2% among the young (the latter is significant at the ten percent level only) with no association among the middle-aged. The negative population effect associated with being underweight increases in size (and significance level) to 4.6% among the elderly population and becomes insignificant for the non-elderly population. The positive effect of using solid cooking fuels is contained to the non-elderly population with similar sized effects among the young and middle-aged populations though the effect is significant for the former only. The effects of poor self-rated health and female gender increase across the life-cycle whereas effects associated with schooling and urban location remain relatively consistent with age.
[ Table 2 ] Table 3 presents the effects of risk factors across subpopulations as determined by gender, urban/rural and poverty 11 status. The effect of obesity is higher among the female, urban and non-poor populations and is insignificant among the poor. The effect of solid cooking fuels use is significantly higher among the female, urban and poor populations and is insignificant among the male and rural populations. The positive association of past frequent drinking is contained to the male, urban and non-poor populations. The negative effect associated with being underweight is contained among the urban population whereas positive consumption expenditure effects are highest among the poor. Effects associated with poor self-rated health are higher among the female, urban and non-poor populations. The positive effect associated with living in an urban area is higher among the non-poor population and is insignificant among the poor. We observe small, yet statistically significant, negative effects of current smoking behaviour among males and heavy drinking among the rural and non-poor populations.
[ Table 3] In Table 4 , we dig further to examine the associations of selected risk factors by age and subpopulation. The obesity effect among females is contained to the population below the age of 60 years of age and in fact reverses direction for the middle age group where the effect for males is higher and more significant than females. The higher effects associated with obesity among urban and non-poor populations derive mostly from the middle-aged population. The effect of solid cooking fuel among females and among the poor doubles for the middle-aged population to 2.9% and 7.0%, respectively. We observe a large significant effect of 20.5% for heavy drinking among the elderly poor population. The effects of past frequent drinking are contained to the elderly male, urban, non-poor population.
[ Table 4 ]
Discussion
Our results add new weight to the literature on the risk factors of NCDs in China. Our contribution lies in attempting to address simultaneity bias and in the analysis of heterogeneous effects across the population. Several of the key findings warrant further discussion and analysis.
The positive association between obesity and the probability of reporting NCDs is a common finding in the literature (Wang et al., 2015; Wang, Mi, Shan, Wang, & Ge, 2007; Zhou et al., 2002) . The effect is confined to the non-poor and this pattern is consistent across all age groups. Studies show that Chinese residents with a higher socioeconomic status (SES) are more likely to be overweight or obese (Jaacks, Gordon-Larsen, Mayer-Davis, Adair, & Popkin, 2013; Zhang, Dagevos, He, van der Lans, & Zhai, 2008), although there is a shift in the burden of obesity towards the poor (Du, Mroz, Zhai, & Popkin, 2004) . In our sample, the prevalence of obesity at baseline is higher among the non-poor than the poor (6% vs. 4%), which suggests that it is still more of a problem among the non-poor. There exists the caveat that the poor may have less access to quality health care from which to report diagnosed disease.
We find significantly higher effects of obesity among the non-elderly population, particularly the middle-aged population, which is in line with the international literature (Cameron et al., 2003; Flegal, Carroll, Ogden, & Curtin, 2010; Mokdad et al., 1999) . The effect of obesity on the onset of disease disappears among the elderly population. The intuition is that NCDs are age-related and that there are a host of other factors that determine disease among the elderly (Suzuki et al., 2009; Wang & Yang, 2014) . There are also issues relating to sample selection and the death of older obese people prior to survey. In our sample, we may have removed elderly obese people already diagnosed with NCDs. The finding of a protective effect of being underweight among the elderly suggests that those who remain in our sample are more likely to be the healthier.
We find interesting gender differences in the effects of obesity by age. For people under 45 years of age, the effect is higher and more significant for females which is in line with our main results and the literature (Strauss & Thomas, 2008) . However, we find that for an older population (aged between 45-60 years) obese males have a higher probability of reporting NCD than females. One explanation is a period shift towards a high-fat, high-energy-density and low-fibre diet experienced since the economic reform in 1980s (Du, Lu, Zhai, & Popkin, 2002; Wang, Mi, Shan, Wang, & Ge, 2007) , and that a large body is considered as a sign of prowess, prosperity and wealth among Chinese males (Xiao et al., 2013) . We add interactions between household consumption expenditures and obesity and indeed find a positive effect on the intervening variables for the male (p-value <0.001) but not the female sample (p- Our results add to the evidence on the harmful effects of household solid fuel use on health.
Several studies identify the harmful impact of household air pollution on health in China and other low-and middle-income country contexts (Lin, Murray, Cohen, Colijn, & Ezzati, 2008; Mestl, Aunan, & Seip, 2007; Nie, Sousa-Poza, & Xue, 2016; Rehfuess, Mehta, & Pruss-Ustun, 2006; Zhang & Smith, 2007) . To identify the effect of solid fuel use accurately it is necessary to take a multitude of confounding factors into account, such as exposure time, indoor activity, room layout, smoking and ambient pollution. Our study controlled for an array of factors including smoking status, area pollution and fixed effects. 12 When controlling for individual and community level exposure to pollution, we identify solid cooking fuel use as a key risk factor associated with NCD onset, particularly in urban areas. Most studies on the impact of solid fuel use on health have focused on the rural population and have found significant association between solid fuels and increased risk of diseases including cardiovascular diseases, respiratory diseases (Liao, Tang, & Wei, 2016; Lin, Murray, Cohen, Colijn, & Ezzati, 2008; Qu, Yan, Qu, & Ikram, 2015) . In our sample, usage of solid fuels is significantly higher in rural than urban areas (19 % vs 58% at baseline). However, there is evidence that with incomplete switch to clean fuels in urban area, urban residents still face an increased associated health risks (Kim et al., 2015; Mestl, Aunan, & Seip, 2007) . Our estimation suggests that, conditional on not having an NCD to start with, solid fuel use in urban areas is associated with higher risk of NCD onset than in rural areas. We find further that females are at greatest risk and particularly those between 45 and 60 years of age. When we disaggregate further we find that the effect is largely among rural women. We add interactions between solid fuel use and female gender into the models and find positive significant effects on the intervening variable for the rural sample (0.015, p-value = 0.088) and in particular for rural sampled aged 45-60 years (0.041, p-value = 0.040). 13 This is in line with several previous studies which likely reflects gender differences in cooking and domestic duties in China (Liao, Tang, & Wei, 2016; Lin, Murray, Cohen, Colijn, & Ezzati, 2008; Nie, Sousa-Poza, & Xue, 2016) . It is at odds with one study which finds no significant gender difference in the health of members of households which use coal for cooking (Mestl, Aunan, & Seip, 2006) . 12 Our results are robust to both provincial and community level fixed effects. 13 The analogous results for the urban sample were insignificant at 0.027 (p-value=0.329) and 0.038 (p-value=0.496), respectively. The complete model results are available from the authors upon request.
We find no significant effect of smoking behaviour and past smoking behaviour on the risk of NCD onset at the population level. This is at odds with existing knowledge that tobacco use is a key risk factor of NCDs (Wolf, Dagostino, Kannel, Bonita, & Belanger, 1988) .
Surprisingly, we find a negative effect of smoking on NCD onset among the male sample.
One possibility is that smoking or drinking may play a part in professional career development of males in China (Hao, Chen, & Su, 2005) . To examine such potential pathways, we add interactions between expenditure and smoking in the models and find no conclusive evidence of intervening variables at standard levels of significance (p-value=0.358 ). In addition, we find a negative effect of heavy drinking behaviour among the rural and non-poor subpopulations. These effects are counter-intuitive and may be related to omitted variable bias. When we run the fixed effects specification the negative effects disappear which suggests that this may be the case. 14 Whilst we do not find significant effects associated with current heavy drinking behaviour we find strong positive effects of past drinking behaviour on NCD onset. The effects associated with a history of frequent drinking are concentrated largely among the elderly male population. In addition, we find a very large positive effect of current heavy drinking behaviour (21%) on NCD onset among the elderly poor which upon further analysis is found also to be contained to the male population. In China, heavy drinking behaviour is more common among males so our results are not surprising (Hao, Chen, & Su, 2005) . However, the age-related effects are novel and may imply a life-time or chronic effect of drinking on health which has been reported in the literature (Fillmore & Midanik, 1984) .
We find that household consumption expenditure is positively associated with the onsetor at least the reportingof NCDs. Though counter-intuitive, this is not an uncommon finding in LMIC settings (Cai, He, Song, Zhao, & Cui, 2013; Subramanian, Corsi, Subramanyam, & 14 Results are available from the authors upon request.
Smith, 2013; Zimmer & Kwong, 2004) . Such countries are characterized by inadequacies in public investment and social protection mechanisms that are manifested in unequal access to health services; disadvantaged segments of the community are less likely to seek health care and therefore be diagnosed with disease (Gao, Qian, Tang, Eriksson, & Blas, 2002; Strauss et al., 2012; Wang et al., 2012) . We in fact find positive effects for both the poor and non-poor populations, and the effect is larger among the poor individuals (0.027 versus 0.009) which suggests that the consumption gradient associated with health care use is steeper among the poor (Table 3) .
Our results take us a step forward in the literature on risk factors and NCDs in China however there remain several noteworthy caveats. Our dynamic model conditional on being free of NCDs in the initial period helps to reduce potential two-way bias between disease onset and risk factors yet introduces a selection bias. Our estimates on the probability of acquiring an NCD relate only to the population free of NCDs and not for the population as a whole.
Another source of selection bias is the survivor effect. By restricting our sample to those who remain in all three waves it could be that only respondents in good health remain. Our results furthermore do not address endogeneity bias associated with omitted variables and measurement error. Our four-year panel data provides limited analysis on the long-term influence of the risk factors, and with pooled OLS specifications we cannot distinguish age from birth cohort effect, thus further research is needed to distangle these effects.
Nonetheless by focusing on the healthier NCD-free population and identifying risk factors associated with diagnosis of an NCD for the at-risk population our results provide important information from a prevention point of view. Our results shed light on the lifetime impacts of risk factors on NCD diagnosis as their roles are found to differ at different stages in the lifecycle. Meanwhile, some risk behaviours such as frequent drinking may have long-term and accumulative effects on health. Looking at general population effects or focusing on certain population groups such as the working aged population may mask these important differences. Our results also reveal important differential effects determined by other personal and geographic characteristics.
Conclusion
In this paper, we estimate the dynamic effects of risk factors on the diagnosis of NCDs in China, the world's most populated country. Our specification enables us to control for important simultaneity bias. We find positive impacts of being obese, using solid fuels to cook, having a history of frequent drinking, and household consumption expenditures during the preceding period on the current diagnosis of NCDs. Our results are broadly in line with earlier findings in China and other country settings. However, our results across age groups add new weight to the literature on China. Obesity, solid fuel use and consumption effects are confined to people under age 60 whereas effects associated with drinking history are confined to the elderly population. Obesity effects are contained to the non-poor population and frequent drinking history effects are contained to the male population.
Whilst our results must be interpreted with a certain degree of caution they offer several considerations for policy makers. First, public health promotion and interventions relating to eating, drinking and activity behaviours should be gender and age sensitive e.g. to address elevated risks associated with obesity among young females. Second, interventions and public health messages should be delivered at an early stage since some risk factors may take a long time to take effect, such as frequent drinking. Third, interventions should be geographically targeted to address elevated risks associated with obesity, past drinking habits and solid cooking fuel use in urban areas and the use of solid cooking fuels among middleaged women in rural areas. Better-informed public health policy can help to ensure that NCD risks in China are delayed to the oldest possible age and are not preceded by long and costly periods of morbidity. (0.008) (0.007) Self-rated health (reference category: healthy) Fair 0.052*** 0.036*** (0.008) (0.006) Unhealthy 0.173*** 0.110*** (0.012) (0.012) Health care facility within 15 minutes 0.009 0.000 (0.009) (0.008) Years of schooling 0.002*** 0.001 (0.001) (0.001) Natural logarithm of household consumption expenditure 0.020*** 0.015*** (0.004) (0.004) Age -0.001 0.000 (0.001) (0.001) Age squared 0.000*** 0.000*** 0.000 0.000 Female 0.009 0.017** (0.009) (0 
